In the present study, we attempted to clarify the effects of lifestyle and body compositions on basal metabolism and to clarify the effects of physical training on thermoregulatory responses to cold. Basal metabolism, body compositions, and questionnaires regarding lifestyle were evaluated in 37 students. From multiple linear regression analysis, sex, muscle weight, fat intake, and diurnal temperature were selected as significant explanatory variables. In a second experiment, rectal and the skin temperature at 7 different points as well as the oxygen uptake of eight males were measured at 10°C for 90 min before and after training. The decline in rectal temperature that was observed before training was not observed after training. In addition, rectal temperature was significantly higher at post-training than at pre-training. These results suggest that some lifestyle factors affect cold tolerance; in particular, daily activity might improve our ability to control heat radiation and basal heat production.
Introduction
It is known that human environmental adaptability is influenced by a variety of factors (Maeda, 2005) . Cold tolerance is also influenced by various factors, including individual characteristics such as body composition (Budd et al., 1991; Yoshida et al., 1998) and aerobic physical capability (Andersen, 1966; Bittel et al., 1988; Maeda et al., 2002 Maeda et al., , 2004 Moriya and Nakagawa, 1990; Yoshida et al., 1998) , as well as lifestyle factors such as nutrition and daily activity. Figure 1 schematically shows the relationship between cold tolerance, and lifestyle factors, body composition, and physical fitness.
Nutrition affects body fat, and daily activity affects muscle mass and physical fitness. It is thought that factors such as lifestyle, body composition, and physical fitness affect one or more stages of the thermoregulatory response to cold.
When we evaluate human cold tolerance based on the thermoregulatory response to cold, we can focus on two physiological functions. The first is the function related to increases in heat production in cold, and the other is related to the control of heat radiation. The former involves metabolic heat production (shivering) and nonshivering thermogenesis, and is closely related to basal metabolism. The latter primarily involves the vasoconstriction capability of the skin and the ability to control heat conduction.
The intent of the present study was to clarify relations between basal metabolism, which is strongly related to thermoregulation in the cold, lifestyle factors such as nutrition and daily activity, and physical characteristics such as fat-free mass and body surface area, etc, and to clarify the effects of physical aerobic training on the ability to control heat radiation during cold exposure.
Methods
We designed experiment 1 to confirm the effects of lifestyle and body composition on basal metabolism. Experiment 2 was designed to examine the effects of physical endurance training on cold tolerance. The Ethics Committee of Fukushima Medical University accepted the protocol of these studies. Each subject received a complete explanation of each experimental test procedure prior to determining his participation, and he gave written informed consent for participation in each study.
Experiment 1
Thirty-seven healthy students, including 18 males (age: 22.7Ϯ1.2 years old) and 19 females (22.2Ϯ1.6 years old) participated voluntarily in this study. None of the subjects had any disease. For measurement of basal metabolism, the subjects stayed overnight in the laboratory. After measuring basal body temperature (at hypoglottis for 5 minutes) in the morning of the second day, expiration gas analysis was carried out for 10 minutes by an automatic metabolism measuring device (AE-300S, Minato Medical Science, Japan), and measurement of oxygen uptake and carbon-dioxide emissions was performed. Basal metabolism was calculated from each average value of oxygen uptake and the respiratory exchange ratio for 5 minutes when each value was stable. Measurement of basal metabolism was performed in the supine position before starting activity at a room temperature of 23.0-25.0°C, and then after sleeping for at least 7 hours, fasting for 12 hours, and 30 minutes after awaking. Body height, weight, the body fat ratio, and skinfold thicknesses at subscapular and triceps sites were measured after measuring blood pressure and heart rate at rest. Body fat and muscle ratios were measured by machine using the impedance method (HBF-354, Omron, Japan) with an 8 ch electrode. Subcutaneous fat thickness was calculated as an average of the skinfold thicknesses, which were measured with calipers at subscapular and triceps sites. The physical characteristics of the subjects are shown in Table  1 . Body surface area (BSA) was calculated from the body height and weight of each subject using the formula for Japanese adult males (Takahira, 1925 The subjects provided lifestyle information regarding nutrition, eating behavior, physical exercise and daily activity, smoking, and drinking, in the questionnaires. This study was performed in the winter 440 Cold Tolerance in Humans Fig. 1 The scheme of the relation between cold tolerance, lifestyle factors, body composition, and physical fitness. 
Experiment 2
Eight healthy male students (21.6Ϯ2.0 years old) volunteered to participate in experiment 2. Experiment 2 consisted of two cold-exposure tests and physical aerobic training for 2 months. The subjects sat at rest for at least 60 min in a pre-room in which the room temperature and relative humidity were maintained at 28°C and 50%, respectively. They were then moved to a climatic chamber in which the room temperature was controlled at 10°C, and the relative humidity was maintained at 50%. Rectal (Tr) and skin temperatures of the forehead, abdomen, forearm, backhand, thigh, shin, and instep, were recorded at 10-sec interval throughout the experiments using a thermistor-thermometer with a data-logger (LT-8, Gram Corp., Japan), and blood pressure and heart rate were monitored by an automated sphygmomanometer throughout the experiment. The mean skin temperature was calculated from 7 points using the method devised by Hardy and DuBois (1937) . Subjects performed physical aerobic training for over 2 months after the first cold-exposure test. Physical aerobic training, which consisted of running or cycling using a bicycle ergometer, was performed for more than 30 min at a time and more than 3 times a week. The second cold-exposure test was carried out after training, and the obtained data were compared with the first data. This study was performed in the winter (from December to March).
The effects of physical training and exposing times on physiological responses were compared by two-way ANOVA with repeated measures. Paired t-tests were also performed to determine the training difference at each time.
Results

Relationship between basal metabolism and lifestyle factors from experiment 1
A significant correlation between basal metabolism and protein intake (rϭ0.59, pϽ0.01), fat intake (rϭ0.41, pϭ0.012), carbohydrate intake (rϭ0.56, pϽ0.01), and total energy intake (rϭ0.65, pϽ0.01) was observed. There were also significant correlations between basal metabolism and the intake of staple foods (rϭ0.55, pϽ0.01) such as rice, bread, and noodles, the volume of the sugar (rϭ0.34, pϭ0.040) to be put into coffee or tea, the ingestion frequency of sweet drinks (rϭ0.34, pϭ0.039) such as cola, juice, etc., and the intake frequency of between-meal snacks (rϭ0.34, pϭ0.038), all of which are factors related to dietary behavior. Moreover, the basal metabolism of males who ate takeout food from convenience stores for their evening meals was found to be significantly lower (pϽ0.05) than that of males who cooked their evening meals for themselves.
A significant correlation was observed between basal metabolism and the intensity of daily activity (rϭ0.46, pϽ0.01), and although there was no significant relation between basal metabolism and the frequency of use (rϭϪ0.30, pϭ0.072) of an elevator, and the time engaged in physical exercise per week (rϭ0.30, pϭ0.075), it is likely that these relationships exist.
Relationship between basal metabolism and body composition from experiment 1
A significant correlation was found between basal metabolism and height (rϭ0.78, pϽ0.01), weight (rϭ0.86, pϽ0.01), and body fat ratio (rϭϪ0.40, pϭ0.016), which was directly measured. A significant correlation was also observed between basal metabolism and muscle mass (rϭ0.90, pϽ0.01), lean body mass (rϭ0.90, pϽ0.01), total body water (rϭ0.88, pϽ0.01), body surface area (rϭ0.88, pϽ0.01), and body density (rϭ0.37, pϭ0.027), which was calculated from measurements. However, no relationship with basal metabolism was observed in other measurements such as the skinfold thickness of the subscapular and triceps sites and in other calculated items such as the body fat mass and subcutaneous fat.
Multiple linear regression analysis from experiment 1
We carried out multiple linear regression analysis, which set the item that showed the correlation with basal metabolism by correlation analysis and mean ambient temperatures of day and night as an explaining variable, and set basal metabolism as a purpose variable. Consequently, a significant correlation (Rϭ 0.932) was obtained, and sex, muscle mass, fat intake, and the mean daytime temperature (12:00-14:00) were extracted as a significant explaining variable (Table 2) .
Experiment 2 changes in the physiological responses to cold in response to training
Rectal temperatures in response to cold exposure showed a decline in six of eight subjects before training, and the ranges of the decline were 0.04-0.53°C. After training, the rectal temperatures in response to cold exposure showed a decline in four subjects, but the difference was only 0.11°C or less. Moreover, the rectal temperatures of the other four subjects showed an increase (0.03-0.50°C). Table 3 shows the changes in rectal temperature in response to cold exposure before and after physical training. As can be seen in the table, the changes in rectal temperature from 0 min to 90 min of cold exposure are significantly different before and after training (pϽ0.01), indicating a decline before training (Ϫ0.17Ϯ0.25°C) and an increase after training (0.06Ϯ0.22°C). Although oxygen uptake, which is indicative of metabolic heat production, significantly increased during cold exposure both pre-(pϽ0.01) and post-training (pϽ0.05), there was no significant difference between these increases before and after training. Although the mean skin temperature, which is an index of heat radiation from the whole body, indicated a significant decline during cold exposure, there was no difference between before and after training. However, the skin temperature of the forearm indicated a significant decline during cold exposure after training (30-50 min).
Discussions
Humans control heat radiation by vasoconstriction of skin blood vessels in the thermoregulatory response to cold exposure, which is an insulative response to cold. Heat production by shivering then occurs, which is a metabolic response to cold. Therefore, in order to evaluate cold tolerance, it is necessary to evaluate subjects' insulative thermoregulation capability and heat production capability. There are individual differences in cold tolerance with regard to metabolism thermoregulation, insulative thermoregulation, or a combination of both (Bittel, 1992; Lichtenbelt et al., 2002) , and it is considered that these physiological responses are affected by individual characteristics and lifestyles. Heat production in response to cold is primarily carried out by shivering in addition to the basal metabolism. It is known that heat production by shivering is primarily proportional to an individual's muscle mass. In evaluating a subject's heat production capability, although it is important to evaluate the capacity for metabolic heat production by shivering, it is also important to evaluate basal metabolism, which is the basis of heat production. In the present study, we investigated the factors affecting basal metabolism, which are closely related to metabolic heat production in response to cold. Our results indicate that sex, muscle mass, fat intake, and daytime temperature are related to basal metabolism. Rafamantanantsoa et al. (2003) have indicated that the total energy expenditure, including basal metabolism, is affected by the fat-free mass and high-intensity physical activity, and our results indirectly support this conclusion. Accordingly, it has been suggested that people who get daily exercise, eat balanced meals, and do not stay in warm rooms during the daytime have a higher basal metabolism. As such, these individuals may be able to tolerate cold without increasing metabolic heat production in comparison with individuals with low basal metabolism.
Moreover, it is thought that humans with the habit of daily exercise have a high level of physical fitness. Experiment 2 showed that physical training improves cold tolerance. This improvement in cold tolerance is connected with the ability to control heat radiation, especially in peripheral parts (Maeda et al., 2004) .
In conclusion, the results of this study suggest that good nutrition induces an improvement of metabolic cold adaptability, and that daily activity induces improvements in metabolic and insulative cold adaptability. 
